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A B S T R A C T   
Background: Certain populations are at high risk of experiencing a traumatic event and developing post-traumatic 
stress disorder (PTSD). Yet, primary preventive interventions against PTSD are lacking. It is therefore crucial to 
identify pre-traumatic risk factors, which could be targeted with such interventions. Insomnia may be a good 
candidate, but studies on civilians are sparse. Furthermore, the mechanisms at stake in the relationship between 
pre-traumatic insomnia and PTSD symptoms are unclear. 
Methods: This prospective population-based cohort study (n = 1,610) examined the relationship between 
insomnia symptoms at 32 weeks of pregnancy and childbirth-related PTSD (CB-PTSD) symptoms at eight weeks 
postpartum. Postnatal insomnia symptoms, prenatal psychological symptoms (depression, anxiety, PTSD, fear of 
childbirth), subjective birth experience (SBE) and birth medical severity were included as covariates in the 
analyses, which were based on a Piecewise Structural Equation Modelling approach. 
Results: The relationship between prenatal insomnia and CB-PTSD symptoms was mediated by negative SBE and 
postnatal insomnia symptoms. All relationships involving insomnia symptoms had small or very small effect 
sizes. 
Limitations: This study used self-report questionnaires. Postnatal insomnia and CB-PTSD symptoms were 
concurrently measured. 
Conclusion: Prenatal insomnia symptoms may impair the ability to cope with a difficult birth experience and 
contribute to postnatal insomnia, a risk factor for CB-PTSD. Thus, prenatal insomnia symptoms may be a 
promising target for CB-PTSD primary preventive interventions, although other prenatal psychological symptoms 
could also be considered. Even beyond the perinatal context, future studies on pre-traumatic insomnia and PTSD 
should include post-traumatic insomnia as a covariate.   
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1. Introduction 
Triggered by a traumatic experience, post-traumatic stress disorder 
(PTSD) is a mental health disorder with a lifetime prevalence of 3.9% 
(Koenen et al., 2017). Its four symptoms clusters, which have to be 
present at least one month post-trauma, are: re-experiencing symptoms 
(including distressing trauma-related dreams), avoidance of 
trauma-related stimuli, alterations in arousal (including sleep distur-
bances), and negative cognitions and mood (American Psychiatric As-
sociation, 2013). Certain populations, such as service members, are at 
increased risk of experiencing a traumatic event and developing PTSD 
(Stefanovics et al., 2020). This is also the case for women during the 
perinatal period, given that childbirth-related PTSD (CB-PTSD) affects 
4% of mothers in community samples, and 18.5% in high-risk samples 
(Yildiz et al., 2017). Overall, these groups would benefit from primary 
preventive interventions for PTSD, but they are lacking (Howlett and 
Stein, 2016). To develop such evidence-based interventions, it is crucial 
to identify modifiable risk factors, at stake before trauma exposure. 
In that respect, sleep disturbances could be a promising intervention 
target. It is well documented that they are associated with impaired 
mental health (Freeman et al., 2020) and disrupted physiological func-
tioning (e.g., blunted diary cortisol trajectory, increased risk of hyper-
tension, and higher body mass index) (Bei et al., 2017; Medic et al., 
2017). Insomnia, in particular, which is characterised by difficulty 
falling or staying asleep and associated with distress or functional 
impairment (American Psychiatric Association, 2013), may contribute 
to PTSD development. As an illustration, pre-deployment insomnia 
predicted post-deployment PTSD in service members (Gehrman et al., 
2013; Wang et al., 2019), although one study did not find such a rela-
tionship (van Liempt et al., 2013). In civilians, pre-traumatic insomnia 
symptoms also predicted PTSD(-like) symptoms following a traumatic 
injury (Bryant et al., 2010), an analogue trauma (Short et al., 2020), or a 
motor vehicle collision (MVC) (via, in the latter case, acute stress dis-
order) (Neylan et al., 2021). Importantly, the relationship between 
insomnia and PTSD seems to remain after controlling for other psy-
chological symptoms, such as pre-traumatic depression, anxiety, and 
PTSD (e.g., Wang et al., 2019). This suggests that pre-traumatic 
insomnia may not only be a symptom of other psychopathologies: it 
could also be an independent predictor of PTSD symptom development 
(Cox et al., 2017; Kartal et al., 2021), albeit contradictory findings have 
been reported in service members (van Liempt et al., 2013), 
One of the proposed mechanisms to explain this relationship is that 
insomnia fosters maladaptive responses to the trauma (Bryant et al., 
2010; Cox et al., 2017) by disturbing emotional regulation (Tempesta 
et al., 2018), executive functions (Cox and Olatunji, 2016), and encod-
ing (Cousins and Fernández, 2019; Krause et al., 2017), thus increasing 
the stressor’s psychological impact (Bryant et al., 2010). This could 
explain why combat-related stress severity partially moderated the 
relationship between pre-deployment sleep disturbances and subse-
quent PTSD – although, importantly, this was not found in the replica-
tion sample (Acheson et al., 2019). One study also reported that 
subjective peritraumatic distress mediated the relationship between 
prior insomnia and PTSD-like symptoms after exposure to an analogue 
trauma (Short et al., 2020), although, in another study, pre-traumatic 
insomnia did not appear to predict peritraumatic distress in MVC sur-
vivors (Neylan et al., 2021). Overall, these mixed results suggest that it is 
important to take into account both the stressor severity and the sub-
jective response to it when investigating the potential link between 
pre-traumatic insomnia symptoms and PTSD. 
Given the chronicity of insomnia, a second hypothesis could be that 
individuals with pre-traumatic insomnia also have post-traumatic 
insomnia, which has been shown to directly contribute to the aggrava-
tion or maintenance of PTSD symptoms (Biggs et al., 2020; Gar-
thus-Niegel et al., 2015; Zeng et al., 2020). Post-traumatic insomnia 
involvement in PTSD pathogenesis may be linked with 1) the disruption 
of memory consolidation (Azza et al., 2020; Cousins and Fernández, 
2019; Sopp et al., 2021), which corresponds to the stabilisation of the 
memory trace into long-term memory and is suspected to be impaired in 
PTSD (van Marle, 2015), and 2) the disruption of fear extinction or 
safety learning prevention (Colvonen et al., 2019; Seo et al., 2021), both 
allowing for a reduction of the fear response. Thus, post-traumatic 
insomnia emerges as a crucial factor, explaining by itself the relation-
ship between pre-traumatic insomnia and PTSD. To our knowledge, 
however, post-traumatic insomnia has not been taken into account in 
previous studies. Clarifying its role therefore seems important to 
conclude on the relevance of treating pre-traumatic insomnia to prevent 
PTSD. 
Furthermore, in civilians, pre-traumatic sleep and covariates are 
usually retrospectively measured, as it is difficult to recruit participants 
before trauma exposure (e.g., Bryant et al., 2010; Neylan et al., 2021). 
However, retrospective measurements, in particular following a trau-
matic event, may be subject to memory bias. Moreover, the literature on 
pre-traumatic insomnia and PTSD symptoms sometimes relies on sleep 
measurements reconstituted from different instruments or single-item 
questions (e.g., Gehrman et al., 2013; van Liempt et al., 2013), which 
reduces their validity. Finally, most studies focus on service members, 
yet the weight of PTSD risk factors varies across groups (Brewin et al., 
2000), thus the evidence collected in this population may not be valid in 
other groups. In addition, the vast majority of service members are men, 
whereas insomnia prevalence is higher in women (Suh et al., 2018; 
Zhang and Wing, 2006), and sex could affect the relationship between 
sleep and PTSD (Kobayashi et al., 2007; Kobayashi and Delahanty, 
2013). To develop appropriate preventive interventions, it would 
therefore be crucial to conduct studies in new populations. 
In this study, we examined the prospective relationship between 
prenatal insomnia symptoms and subsequent CB-PTSD symptoms. 
Beyond the fact that CB-PTSD is relatively common (Yildiz et al., 2017) 
and that women are underrepresented in the literature on pre-traumatic 
sleep and PTSD, pregnancy follow-up allows prospective measurement 
of pre-traumatic (i.e., pre-natal) insomnia symptoms and other cova-
riates. Furthermore, traumatic childbirth represents a relatively stand-
ardised real-life trauma (homogenous population; mostly taking place in 
a care setting) and thus a good study model for PTSD. Hence, studying 
the relationship between insomnia and PTSD in the perinatal context 
may help to overcome the limitations identified in the current literature. 
Previous research found that 39.7% of women suffer from insomnia 
during the third trimester of pregnancy (Sedov et al., 2021), and that it is 
also common postnatally (Dorheim et al., 2014; Sivertsen et al., 2015). 
Prenatal insomnia may, inter alia, be caused by pregnancy-related 
nocturnal ruminations (Swanson et al., 2020), potentially reflecting 
fear of childbirth (FOC). FOC has shown to be more intense in pregnant 
women with insomnia than in those without (Osnes et al., 2020), and is a 
risk factor for CB-PTSD (Ayers et al., 2016; Garthus-Niegel et al., 2014). 
Prenatal insomnia has also well documented links with prenatal anxiety 
and prenatal depression symptoms (Emamian et al., 2019; Osnes et al., 
2020; Sedov and Tomfohr-Madsen, 2021). Its prospective relationship 
with CB-PTSD, however, has received little attention so far, although 
insomnia at eight weeks postpartum has been identified as a maintaining 
factor of CB-PTSD at two years postpartum (Garthus-Niegel et al., 2015). 
In summary, pre-traumatic insomnia symptoms may be a risk factor 
for PTSD symptom development. If so, it could be a relevant target for 
PTSD primary preventive intervention. However, current evidence is 
mixed and most of the available studies concern male service members 
or suffered from significant limitations, which limits the results’ gen-
eralisability. The objective of this prospective population-based cohort 
study was to examine the relationship between prenatal insomnia 
symptoms at 32 weeks of pregnancy and CB-PTSD symptoms at eight 
weeks postpartum, taking postnatal insomnia symptoms into account 
and controlling for prenatal psychological symptoms (depression, anx-
iety, and PTSD symptoms as well as FOC) and childbirth-related factors 
(subjective birth experience (SBE), birth medical severity). We 
hypothesised that prenatal insomnia symptoms would predict CB-PTSD 
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symptoms, but that this relationship would be mediated by postnatal 
insomnia symptoms and SBE. 
2. Method 
2.1. Design and study population 
This study was derived from the Akershus Birth Cohort (ABC), a large 
Fig. 1. Responses to the study questionnaires.  
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population-based prospective cohort study. The ABC targeted all women 
planning to give birth between November 2008 and April 2010 at 
Akershus University Hospital (Norway), which serves around 350,000 
inhabitants. Women were eligible to participate if they were able to 
complete questionnaires in Norwegian. They were recruited at 17 weeks 
of pregnancy, during their routine foetal ultrasound examination. 
Participation involved completing paper questionnaires at 17 weeks and 
32 weeks of pregnancy, and at eight weeks and two years postpartum. 
Participants who delivered between May 2009 and September 2010 
answered additional questions about SBE at 48 hours postpartum. 
Obstetrical information was retrieved from hospital birth records. The 
ABC was approved by the Regional Committee for Medical and Health 
Research Ethics (approval number S-08013a); all participants provided 
written informed consent. 
In this study, we used data from the questionnaires at 17 weeks and 
32 weeks of pregnancy, as well as the 8-week postpartum questionnaires 
and the hospital birth record. Of the eligible women, 80% (N = 3,752) 
agreed to participate and returned the 17-week questionnaires, of whom 
131 were excluded from the cohort study due to new address or 
obstetrical complications (see Garthus-Niegel et al. (2018a) for detailed 
information on participants). Women were further excluded from the 
current study for the following reasons: having taken sleeping pills 
during the last ten weeks of pregnancy (because it could have biased the 
insomnia measures), missing hospital birth record (rendering birth 
medical severity assessment impossible) or missing data in the ques-
tionnaires of interest (rendering computation of total scores impossible). 
The final sample consisted of 1,610 participants (Fig. 1). 
2.2. Measures 
Because a Structural Equation Modelling (SEM) approach was 
planned, and in order to obtain numeric scores, all questionnaires were 
statistically treated using item response models (IRM) or factor 
techniques. 
2.2.1. Childbirth-related PTSD symptoms 
CB-PTSD symptoms were measured at eight weeks postpartum, with 
the Impact of Event Scale (IES) (Horowitz et al., 1979). Participants 
were instructed to complete it in relation to their last childbirth. The IES 
is a 15-item self-rating questionnaire that has been validated in post-
partum women (Olde et al., 2006). Each item has four response cate-
gories (usually recoded with the following weightings: 0 = “not at all”, 1 
= “rarely”, 3 = “sometimes”, and 5 = “often”). The sum score of the 
overall scale ranges from 0 to 75, with scores above 34 indicating 
probable PTSD (Neal et al., 1994). In this study, however, the ordinal 
nature of the response scale was taken into account by using a polyto-
mous IRM (Hambleton et al., 1991) to compute a total IES score (see 
Supplementary material, section 1.1.). 
2.2.2. Insomnia symptoms 
Insomnia symptoms were self-reported at 32 weeks of pregnancy and 
eight weeks postpartum through the Bergen Insomnia Scale (BIS), a six- 
item self-rating scale which has been validated against polysomno-
graphic data (Pallesen et al., 2008). Four items assess sleep impairment 
(which corresponds to criterion A for insomnia in DSM-IV-TR (Amer-
ican Psychiatric Association, 2000)), and two items respectively assess 
daytime impairment linked with sleepiness or sleep-related dissatisfac-
tion (criterion B for insomnia in the DSM-IV-TR (American Psychiatric 
Association, 2000)). In the original scoring, items are scored from 0 to 7, 
reflecting the frequency of each symptom per week, over the past month. 
The BIS total score ranges from 0 to 42, with higher scores reflecting 
more severe insomnia symptoms. Because previous validation studies 
have retained one or two factor solutions depending on the calibration 
sample, a Principal Component Analysis (PCA) was run to check for 
dimensionality in the present data. A one-factor solution was finally 
retained (see Supplementary material, section 1.2.). 
2.2.3. Prenatal depression symptoms 
Prenatal depression symptoms over the past week were measured by 
the 10 item self-report Edinburgh Postnatal Depression Scale (EPDS) 
(Cox et al., 1987), at 32 weeks of pregnancy. The EPDS has been vali-
dated in pregnant women (Bergink et al., 2011; Bunevicius et al., 2009). 
Each item has four response categories, ranging from 0 to 3, yielding a 
total score from 0 to 30, with a higher score indicating more severe 
depression symptoms. In this study, given the categorical nature of re-
sponses, an IRM was adopted for score computation (see Supplementary 
material, section 1.3.). 
2.2.4. Prenatal anxiety symptoms 
Prenatal anxiety symptoms were reported at 32 weeks of pregnancy 
through the 10-item anxiety scale (SCL-A) of the Hopkins Symptom 
Checklist (SCL-25) (Derogatis et al., 1974). Each item assesses one 
anxiety symptom over the past week and has four response categories, 
from 1 = “not at all” to 4 = “extremely”. The total score in the original 
scoring ranges from 10 to 40, higher scores reflecting more severe 
anxiety symptoms. Given the categorical nature of the data and previous 
successful item response modelling of the SCL (Kleppang and Hagquist, 
2016), responses to the SCL-A were also analysed with an IRM (see 
Supplementary material, section 1.4.). 
2.2.5. Prenatal PTSD symptoms 
Prenatal PTSD symptoms were assessed at 17 weeks of pregnancy. 
Women reported whether and which of eight PTSD symptoms they 
experienced over the past month, in relation to a dramatic or terrifying 
event they potentially experienced. This PTSD symptom checklist was 
based on the Mini International Neuropsychiatric Interview (MINI) 
(Sheehan et al., 1998), see Garthus-Niegel et al. (2018a) for a full 
description of this scale. Symptoms were scored as 0 = “absent” or 1 =
“present”; with the total score ranging from 0 to 8. The prenatal PTSD 
symptoms score was computed in this study with a dichotomous IRM 
(see Supplementary material, section 1.1.). 
2.2.6. Fear of childbirth 
FOC was assessed at 32 weeks of pregnancy, with the 33-item self- 
report Wijma Delivery Expectancy/Experience Questionnaire version 
A (W-DEQ) (Wijma et al., 1998). The W-DEQ evaluates women’s 
cognitive appraisal of the forthcoming birth, with six response cate-
gories scored from 0 to 5, and a total score ranging from 0 to 165 in the 
original scoring. In this study, scores were computed as a factor score on 
the first component of a standard PCA (see Supplementary material, 
section 1.5.), were higher values indicated more severe FOC. 
2.2.7. Subjective birth experience 
SBE was measured at eight weeks postpartum, with three items 
(“How frightened were you during the birth?”; “What was your overall 
experience of the birth?”, and “To what degree did you feel taken care of 
during the birth?”). The first two were answered on a 10-point scale 
from 0 = “not frightened at all”/”very good”, respectively to 10 =
“extremely frightened”/“extremely bad”, respectively. The last item was 
answered on a 4-point scale, from 1 = “very good” to 4 = “very bad”. 
SBE has been shown to be a major risk factor for CB-PTSD (Ayers et al., 
2016), notably when measured with these three items (Garthus-Niegel 
et al., 2013). In the present study, a PCA revealed a strong one-factor 
solution, with high scores reflecting a negative experience (see Supple-
mentary material, section 1.6.). 
2.2.8. Birth medical severity 
Birth medical severity was expressed with a dichotomous variable, 
coded 1 if the birth involved vacuum, forceps, or an emergency 
caesarean section (ECS), or 0 if not. This information was retrieved from 
hospital birth records. The objective of the variable was to reflect birth- 
related stress exposure, comparable to the Combat Exposure Scale (CES) 
used in military populations to assess combat-related stress exposure 
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(Cox et al., 2018). In the absence of a brief validated equivalent for 
childbirth, we chose operative birth as a surrogate. Indeed, although 
birth can be stressful in many respects, operative birth is an important 
indicator of the urgency of the birth and can be particularly stressful 
(Gamble and Creedy, 2005) 
2.2.9. Parity 
Based on participants’ report at 17 weeks of pregnancy, parity was 
coded 0 = “nulliparous” and 1 = “parous”. 
2.2.10. Sociodemographic characteristics 
Marital status (1 = “married/cohabiting” and 0 = “single”), educa-
tion (0 = “elementary school”, 1 = “high school”, and 2 = “higher de-
gree”), and maternal age at the time of birth were extracted from 
hospital birth records. 
2.3. Data analysis 
2.3.1. Sample description 
Descriptive analyses were conducted with IBM SPSS 27. The differ-
ence between prenatal and postnatal insomnia scores was calculated 
with a Wilcoxon Signed-Ranks test, given that the data were skewed. 
2.3.2. Piecewise structural equation modelling 
Because several causal hypotheses involving a set of potentially 
mediating/moderating variables were to be tested in this study, a 
Structural Equation Modelling approach was adopted (Ullman and 
Bentler, 2003) using R version 4.0.4 (R Core Team, 2021). As many 
women reported no CB-PTSD symptoms, a particularity of the data was a 
strong bimodal zero-inflated distribution of the CB-PTSD variable (see 
Figure S1 in Supplementary material, Section 2). This was taken into 
account by assuming a Tweedie distribution for this variable, which is 
appropriate for positive non-symmetric data, and can take a 
zero-inflated bimodal shape for some parameter values (Jorgensen, 
1987). This particularity precluded a traditional SEM analysis of the 
variance-covariance matrix. Thus, a piecewise SEM approach (Shipley, 
2000), using the piecewiseSEM R package (Lefcheck, 2016), was chosen 
as it can flexibly accommodate non-gaussian cases. Piecewise SEM al-
lows connecting a set of generalised linear models within a network of 
hypothesised relationships. Apart from the Tweedie submodel on 
CB-PTSD symptoms, all other pieces in the model were standard 
gaussian linear models. The global fit of the piecewise SEM was exam-
ined through a Fisher’s C statistic. Admissible but non-included re-
lationships were tested through a set of directed separation tests 
(Shipley, 2013) for each model. 
Three layers of variables were connectable in the model: prenatal 
variables, birth-related variables (birth medical severity, SBE), and 
postnatal variables. Because of this temporal structure, not all orientated 
connections were possible, which helped to define a maximal model 
including all admissible connections, with all variables from a given 
layer predicting all variables in subsequent layers. 
A good predictive model of CB-PTSD symptoms was predefined as: 1) 
being inclusive: it includes, and potentially extends, a minimal set of 
relationships that are well-documented in previous studies; 2) being 
parsimonious: it includes only the minimal set of relationships required 
to reach acceptable fit; 3) being strongly connected: it only includes 
statistically significant relationships, and does not include relationships 
for which conditional independence tests given the current model are 
non-significant; and 4) showing a good fit, in terms of Fisher’s C statistic. 
Akaike Information Criterion (AIC) and Bayesian Information Criterion 
(BIC) were also computed, as they allow for comparison between models 
that have the same numbers of parameters (e.g., models 11 and 13 in 
Table 2). 
Seven theoretically expected relationships were taken as a starting 
point in the modelling sequence. The following causal influences were a 
priori assumed: 1) prenatal depression symptoms to prenatal insomnia 
symptoms (Dorheim et al., 2012; Sedov and Tomfohr-Madsen, 2021); 2) 
prenatal anxiety symptoms to prenatal insomnia symptoms (Osnes et al., 
2020; Sedov and Tomfohr-Madsen, 2021); 3) FOC to prenatal insomnia 
symptoms (Swanson et al., 2020); 4) prenatal insomnia symptoms to 
CB-PTSD symptoms; 5) SBE to CB-PTSD symptoms (Garthus-Niegel 
et al., 2013); 6) birth medical severity to CB-PTSD symptoms (Ayers 
et al., 2016); and 7) birth medical severity to SBE (Garthus-Niegel et al., 
2013). Because they are repeated measurements, it also appeared sta-
tistically meaningful to add 8) prenatal insomnia symptoms to postnatal 
insomnia symptoms. All eight relationships were gathered into a first 
basic structural model (M1, Table 2). 
3. Results 
3.1. Characteristics of the study sample 
At birth, mean maternal age was 31.29 years (SD = 4.54) (Table 1). 
The majority of women had a higher education degree and were mar-
ried/cohabiting. Half of them were nulliparous, and 20.3% of the de-
liveries involved forceps, vacuum, or ECS. At eight weeks postpartum, 
1.9% of them had probable CB-PTSD according to the original IES 
scoring. Insomnia original scores at 32 weeks of pregnancy were 
significantly higher than at 8 weeks postpartum, Z = − 6.303, p < .001 
(Table 1). 
3.2. Prediction of CB-PTSD symptoms 
The first basic model did not in itself show acceptable global fit 
(Fisher’s C = 946.444, d.f. 36, p < .001) but all regression coefficients, in 
particular the prenatal insomnia symptoms – CB-PTSD symptoms rela-
tionship, were significant (p < .001). Examination of the D-separation 
tests suggested that several relationships ignored in the first model had a 
statistical significance, and could thus be included to improve the global 
fit. Prenatal insomnia symptoms ceased to directly predict CB-PTSD 
symptoms once anxiety symptoms were included as direct predictors 
of CB-PTSD. Sequentially including all relationships with a significant D- 
separation test (high criterion values first) resulted in an acceptable 
model fit (M12: Fisher’s C = 20.458, d.f. 14, p = .116), once the prenatal 
insomnia – SBE relationship was added. Within M12, only the prenatal 
insomnia – CB-PTSD symptoms regression coefficient was non- 
significant (β = − 0.0016, s.e. = 0.0160, d.f. 1603, t = − 0.1021, p =
.919). A reduction of deviance test, comparing M12 with a reduced 
model discarding this link, was non-significant (χ2(2) = 0.397, p = .82). 
The final model (M13) met all four prior-mentioned quality criteria, in 
particular global fit (Fisher’s C = 20.855, d.f. 16, p = .184) and strong 
connectivity (Table 3). In the final model, prenatal insomnia symptoms 
predicted CB-PTSD symptoms through SBE and postnatal insomnia 
symptoms (Table 4; Fig. 2). 
The robustness of M13 was tested by beginning the sequence from 
the full model including all admissible connections, and then removing, 
in turn, all non-significant terms. This backward procedure yielded the 
same final model as M13. Furthermore, removing any link in this model 
resulted in a non-acceptable fit of the modified model; a significant 
conditional dependence test on the removed term, and a significant 
relative increase in deviance (as measured by a reduction of deviance 
test). In order to ensure that the presence of two sleep disturbance- 
related items (one in the EPDS, one in the prenatal PTSD symptoms 
checklist) was not inflating the correlations of these questionnaires with 
insomnia measures (thus potentially affecting model fit and structure), 
the whole analysis was re-run without these two items. The very same 
structural model emerged, with almost identical parameter values and 
effect sizes. A choice was made to keep the model obtained from the 
original scales. 
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4. Discussion 
In this population-based prospective cohort study, the direct rela-
tionship between prenatal insomnia symptoms at 32 weeks of pregnancy 
and CB-PTSD symptoms at eight weeks postpartum was initially signif-
icant, but disappeared when controlling for postnatal insomnia symp-
toms, prenatal psychological symptoms, and childbirth-related factors. 
More precisely, it was not significant anymore once the prenatal anxiety 
– CB-PTSD relationship was added to the model, suggesting that it was 
mostly the anxious component of prenatal insomnia that predicted CB- 
PTSD symptoms. Prenatal psychological symptoms (depression, anxi-
ety, PTSD, and FOC) all predicted prenatal insomnia symptoms. Except 
for depression symptoms, they also predicted postnatal insomnia 
symptoms, thus confirming their relevance as covariates. 
Pursuant to our hypothesis, both negative SBE and postnatal 
insomnia symptoms mediated the relationship between prenatal 
insomnia and CB-PTSD symptoms. In addition, postnatal insomnia 
partially or fully mediated the relationship between prenatal psycho-
logical symptoms (except depression) and CB-PTSD, thus suggesting that 
postnatal insomnia symptoms may be one of the pathways through 
which prenatal psychopathology renders women vulnerable to CB- 
PTSD. Importantly, all relationships involving insomnia symptoms had 
small or very small effect sizes. The four other predictors of CB-PTSD 
symptoms were birth medical severity, SBE, and prenatal anxiety and 
depression symptoms, which is in line with the existing evidence (Ayers 
et al., 2016; Garthus-Niegel et al., 2013). However, in contrast with 
previous research (Ayers et al., 2016; Grekin et al., 2021), neither pre-
natal PTSD symptoms nor FOC directly predicted CB-PTSD symptoms, 
although Grekin et al. (2021), Garthus-Niegel et al. (2013) and Gar-
thus-Niegel et al. (2014) also found that SBE partially or fully mediated 
the relationship between FOC and CB-PTSD symptoms. 
The fact that prenatal insomnia symptoms predicted CB-PTSD 
through a negative SBE suggests that they are likely to reduce psycho-
logical resources for coping with a difficult childbirth. Hence, they may 
be one of the vulnerability factors explaining why some women show a 
maladaptive stress response to a difficult childbirth and develop CB- 
PTSD symptoms. As for postnatal insomnia symptoms, they had 
already been identified as predictors and maintaining factors of CB- 
PTSD symptoms in the postpartum period (Garthus-Niegel et al., 
2015). However, our results add an important element to the picture, as 
they show these symptoms also mediate the relationship between pre-
natal insomnia and CB-PTSD. Therefore, prenatal insomnia symptoms 
could both reduce the resources for coping with a traumatic birth and 
hinder post-traumatic recovery by increasing the likelihood of 
Table 1 
Characteristics of the study sample (n = 1,670).  
Sample characteristics (time 
point measured or range) 
Frequency (%) Mean 
(SD) 
Sociodemographic 
characteristics     
Age (at birth)  31.29 
(4.54)   
Education (at birth)     
Elementary 43 (2.7a)    
High school 439 
(27.3a)    
Higher degree 1.072 
(66.6a)    
Marital status (at birth)     
Married or cohabiting 1,565 
(97.2a)    
Single 35 (2.2a)  
Prenatal psychological 
symptoms     
Insomnia symptoms 
(pregnancy week 32)     
Scoreb (0–42)  17.45 




(1.05)   
Depression symptoms 
(pregnancy week 32)     
Scoreb (0–24)  4.90 




(0.15)   
Anxiety symptoms 
(pregnancy week 32)     
Scoreb, d (10–32)  12.80 




(0.83)   
Prenatal PTSD 
symptoms (pregnancy week 
17)     
Scoreb (0–8)  0.25 




(0.54)   
Fear of childbirth 
(pregnancy week 32)     
Scoreb (2–145)  57.44 





Birth-related variables     
Parity (pregnancy week 
17)     
Nulliparous 812 
(50.4)    
Parous 798 
(49.6)    
Subjective birth 
experience (8 weeks 
postpartum)     




(2.90)   
“Overall 
experience” (0–10)  
2.89 
(2.69)   
“Taken care of” 
(1–4)  
1.37 




(0.99)   
Birth medical severity 




symptoms     
Insomnia symptoms (8 
weeks postpartum)     
Scoreb (0–42)   
Table 1 (continued ) 
Sample characteristics (time 
point measured or range) 
Frequency (%) Mean 
(SD) 
15.57 




(0.91)   
CB-PTSD symptoms (8 
weeks postpartum)     
Scoreb (0–52)  7 (8)d   
Score > 34, 
probable CB-PTSDb 
30 (1.9)    
IRM scorec (0–3.94)  1.31 
(0.89) 
Note. PCA = Principal Component Analysis; IRM = Item Response Model; CB- 
PTSD = Childbirth-related PTSD. 
a Total of % does not equal 100 because of missing values (n = 1,554 for 
education; n = 1,600 for marital status). 
b Scores derived from the original scoring. Reported for descriptive purpose 
only. 
c Scores computed using a PCA or an IRM, used in the analyses. 
d Computed on n = 1601 because of missing items. 
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experiencing postnatal insomnia. These two mediations were cumula-
tive in our final model and appeared to connect, as negative SBE pre-
dicted postnatal insomnia symptoms. It is possible that this relationship 
results from ruminations, anxiety, infant-related worries, or even acute 
stress disorder (Neylan et al., 2021) caused by a negative SBE, which 
would trigger insomnia. 
Clinically, our results tentatively suggest that targeting prenatal 
insomnia symptoms may, by improving SBE and reducing postnatal 
insomnia, be a primary prevention pathway for CB-PTSD. However, it 
should be remembered that the effect sizes observed were all small or 
very small, thus further studies are needed to clarify whether in-
terventions focusing on prenatal insomnia do yield significant benefits 
for CB-PTSD prevention or not. Reducing prenatal insomnia symptoms 
may also have other benefits, as insomnia puts pregnant women at risk 
of adverse obstetrical outcomes (Palagini et al., 2014) and may affect 
long-term infant development (Adler et al., 2021; Monk et al., 2019). In 
that respect, cognitive behavioural therapy (CBT) for insomnia is 
recommended in the general population (Trauer et al., 2015) and shows 
good acceptability during pregnancy (Sedov et al., 2017). According to 
the final model, CB-PTSD prevention may also involve treating prenatal 
depression and anxiety symptoms. Reducing the latter could help to 
decrease pre- and postnatal insomnia, and to improve the SBE. More-
over, interventions targeting prenatal insomnia symptoms and FOC may 
help to prevent a negative SBE. As for CB-PTSD prevention or treatment 
after childbirth, targeting postnatal insomnia symptoms may be a 
beneficial strategy, echoing a recent meta-analysis indicating that CBT 
for sleep disturbances leads to PTSD symptom reduction (Ho et al., 
2016). Overall, the final model, like the existing literature (e.g., Ayers 
et al., 2016), suggests that there are several potential targets for 
CB-PTSD prevention (e.g., depression symptoms or FOC), some of which 
may be more clinically relevant than pre-traumatic insomnia. 
With regard to sleep, it is true that the perinatal population has some 
specificities: for instance, pregnant women report more nocturnal ru-
minations than non-pregnant women, and the hormonal changes and 
pregnancy-related physical discomfort are likely to affect their sleep 
(Swanson et al., 2020). Furthermore, prenatal insomnia may be 
perceived as more normative and transient than pre-traumatic insomnia 
in other groups. Despite these particularities, we believe the results of 
this study are of interest beyond the perinatal context. The mediating 
role of SBE and prenatal insomnia, in particular, supports the hypotheses 
of reduced peritraumatic psychological resources and impaired 
post-traumatic recovery. 
This study has important strengths. It is the first, to our knowledge, 
to prospectively look at the relationship between pre-traumatic 
insomnia symptoms and PTSD symptoms in a large population-based 
cohort of civilians. It is also the first to study this relationship while 
taking post-traumatic insomnia into account, and the first to consider 
these variables in the perinatal context. However, it has several limita-
tions. Firstly, except for birth medical severity, all measures were self- 
reported. This may be problematic, as individuals with insomnia 
symptoms tend to underestimate their sleep duration (Bianchi et al., 
2013). The BIS, however, has been validated against polysomnographic 
data (Pallesen et al., 2008) and thus represents the self-report ques-
tionnaire of choice. Secondly, operative delivery was used as a proxy for 
Table 2 
Model construction and comparison.  









M1a Basic model 976.444 1057.204 946.444 36 < 0.001    
M2 Fear of childbirth → Subjective birth experience 629.995 716.139 597.995 34 < 0.001 348.449 2 <
0.001 
M3 Prenatal anxiety symptoms → CB-PTSD symptoms 405.227 496.755 371.227 32 < 0.001 226.768 2 <
0.001 
M4 Prenatal anxiety symptoms → Postnatal insomnia 
symptoms 
279.334 376.246 243.334 30 < 0.001 127.893 2 <
0.001 
M5 Prenatal anxiety symptoms → Subjective Birth 
Experience 
211.702 313.998 173.702 28 < 0.001 69.632 2 <
0.001 
M6 Prenatal PTSD symptoms → Prenatal insomnia 
symptoms 
185.038 292.718 145.038 26 < 0.001 28.664 2 <
0.001 
M7 Fear of childbirth → Postnatal insomnia symptoms 152.329 265.393 110.329 24 < 0.001 34.709 2 <
0.001 
M8 Subjective birth experience → Postnatal insomnia 
symptoms 
129.439 247.887 85.439 22 < 0.001 24.89 2 <
0.001 
M9 Prenatal PTSD symptoms → Postnatal insomnia 
symptoms 
110.732 234.564 64.732 20 < 0.001 20.707 2 <
0.001 
M10 Prenatal depression symptoms → CB-PTSD symptoms 91.309 220.525 43.309 18 .001 21.423 2 <
0.001 
M11 Postnatal insomnia symptoms → CB-PTSD symptoms 80.206 214.806 30.206 16 .017 13.103 2 .001 
M12 Prenatal insomnia symptoms → Subjective birth 
experience 
72.458 212.442 20.458 14 .116 9.748 2 .008 
M13b Prenatal insomnia symptoms → CB-PTSD symptoms 
(removed) 
70.855 205.455 20.855 16 .184 0.397 2 0.82 
Note. CB-PTSD = Childbirth-related PTSD. 
a M1 includes the eight basic links mentioned in the data analysis section. 
b M13 is the last and best model. It removes the non-significant Prenatal insomnia symptoms → CB-PTSD symptoms relationship from the previous one, M12. 
Table 3 
D-separation tests of relationships not included in the final model.  
Independence claim D.f. Criterion p 
value 
Fear of childbirth → CB-PTSD symptoms 1603 0.7267 .468 
Prenatal insomnia symptoms → CB-PTSD symptoms 1601 -0.2624 .793 
Prenatal PTSD symptoms → CB-PTSD symptoms 1603 1.4421 .150 
Prenatal depression symptoms → Subjective birth 
experience 
1604 1.6788 .093 
Prenatal PTSD symptoms → Subjective birth 
experience 
1604 -0.8283 .408 
Prenatal depression symptoms → Postnatal insomnia 
symptoms 
1603 1.3867 .166 
Birth medical severity → Postnatal insomnia 
symptoms 
1603 1.0776 .281 
Prenatal insomnia symptoms → Birth medical 
severity 
1604 -1.0346 .301 
Note. CB-PTSD = Childbirth-related PTSD. The reported criterion values are 
conditional tests that a relationship is significant, given all links in the final 
model (M13). 
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birth medical severity but only partially reflects the traumatic stressor 
intensity. It would have been preferable to use a validated scale but, to 
our knowledge, there is no brief scale available in obstetrics. Thirdly, it 
was impossible to exclude women who took sleeping pills after the de-
livery, as this information was not available. Given that only 11 women 
took sleeping pills during the last weeks of pregnancy, it seems unlikely, 
however, that this affected many participants. Fourthly, SBE was 
measured retrospectively, at eight weeks postpartum, although two out 
of the three SBE items were also completed at 48 hours postpartum and 
showed strong correlations with the 8-week ratings (see Supplementary 
material, section I.6.). Fifthly, a measure of exposure to trauma would 
have been helpful, given that it may be both associated with sleep dis-
turbances (Brock et al., 2019) and an important risk factor for CB-PTSD 
(Andersen et al., 2012). Sixthly, the measurement of (CB-)PTSD symp-
toms could have been improved by 1) using the Impact of Event 
Scale-Revised (IES-R) (Weiss and Marmar, 1997), given that it contains 
items on hyperarousal symptoms, including on trauma-related sleep 
disturbances - however, one study found that the IES-R was not superior 
to the original IES to measure CB-PTSD(Olde et al., 2006); and 2) using 
the same instrument to measure prenatal and postnatal symptoms. 
Finally, the sample may lack representativeness. Indeed, in this cohort 
study, women having depressive symptoms at 17 weeks of pregnancy 
were more likely to drop out (Garthus-Niegel et al., 2017, 2018b). 
Importantly, at the same time point, neither anxiety nor PTSD symptoms 
predicted drop-out, and the sample was well representative of the 
Norwegian population in terms of obstetric complications (Storksen 
et al., 2013). 
As for the model, while it allows to identify relationships between 
variables, the causal directions within a given time point are not 
determined statistically but according to existing scientific evidence. For 
example, although there are good reasons to postulate that prenatal 
anxiety and depression predict pre-natal insomnia, as reflected in the 
pregnancy layer of our model, the reverse relationship may exist. This 
particularly concerns the link between postnatal insomnia and CB-PTSD. 
Although postnatal insomnia was identified as a major predictor of CB- 
PTSD up to two years postpartum in the same study sample (Gar-
thus-Niegel et al., 2015), and this relationship was reported as unidi-
rectional in other populations (Wright et al., 2011), the relationship 
between postnatal insomnia and CB-PTSD symptoms may be bidirec-
tional (Kartal et al., 2021; Richards et al., 2020). 
Future studies should more systematically include post-traumatic 
insomnia symptoms as a covariate in the analyses: as our results illus-
trate, it seems to play a central role in the pre-traumatic sleep – PTSD 
relationship. One might wonder whether this direct relationship, which 
has been observed in other studies not controlling for post-traumatic 
insomnia (Gehrman et al., 2013; Neylan et al., 2021; Wang et al., 
2019) but was not found in our sample, would persist when taking 
post-traumatic insomnia into account. Answering this question would 
help to determine whether the differences in results are due to the 
specificities of the perinatal context or the oversight of post-traumatic 
insomnia. If the former was true, this would reinforce the importance 
of studying more diverse samples. To better disentangle the effects of 
post-traumatic insomnia on the development of PTSD, it would also be 
necessary to measure insomnia symptoms before PTSD, rather than 
Table 4 
Coefficients of the final model.  
Predictor Explained variable Estimate Standard 
error 
D.f. Criterion p value Standard 
estimate 
Effect size (S2 / 
f2)a 
VIF 
Prenatal anxiety symptoms Prenatal insomnia 
symptoms 
0.1448 0.0387 1605 3.7444 <
0.001 





0.2785 0.0365 1605 7.6334 <
0.001 
0.2358 0.0589 1.8443 
Fear of childbirth Prenatal insomnia 
symptoms 
0.0832 0.0267 1605 3.1167 .002 0.0776 0.0061 1.1970 
Prenatal PTSD symptoms Prenatal insomnia 
symptoms 
0.2383 0.0465 1605 5.1273 <
0.001 
0.1226 0.0153 1.1059 
Birth medical severity Subjective birth experience 0.4142 0.0516 1605 8.0217 <
0.001 
0.1832 0.0347 1.0141 
Fear of childbirth Subjective birth experience 0.2670 0.0246 1605 10.8448 <
0.001 
0.2651 0.0756 1.1618 
Prenatal anxiety symptoms Subjective birth experience 0.1541 0.0299 1605 5.1600 <
0.001 
0.1295 0.0171 1.2256 
Prenatal insomnia symptoms Subjective birth experience 0.0618 0.0227 1605 2.7215 .007 0.0658 0.0043 1.1382 
Prenatal insomnia symptoms Postnatal insomnia 
symptoms 
0.2875 0.0206 1604 13.9843 <
0.001 
0.3313 0.1233 1.1670 
Prenatal anxiety symptoms Postnatal insomnia 
symptoms 
0.1032 0.0277 1604 3.7286 <
0.001 
0.0939 0.0089 1.3175 
Fear of childbirth Postnatal insomnia 
symptoms 
0.0812 0.0228 1604 3.5656 <
0.001 
0.0872 0.0077 1.2443 
Subjective birth experience Postnatal insomnia 
symptoms 
0.1012 0.0219 1604 4.6258 <
0.001 
0.1095 0.0121 1.1650 
Prenatal PTSD symptoms Postnatal insomnia 
symptoms 
0.1479 0.0391 1604 3.7835 <
0.001 
0.0877 0.0078 1.1161 
Subjective birth experience CB-PTSD symptoms 0.2176 0.0140 1604 15.5420 <
0.001 
- (*) 0.1789 1.1561 
Birth medical severity CB-PTSD symptoms 0.1111 0.0327 1604 3.4014 <
0.001 
- (*) 0.0072 1.0515 
Prenatal anxiety symptoms CB-PTSD symptoms 0.1341 0.0229 1604 5.8512 <
0.001 
- (*) 0.0217 1.7738 
Prenatal depression 
symptoms 
CB-PTSD symptoms 0.0781 0.0220 1604 3.5543 <
0.001 
- (*) 0.0073 1.7757 
Postnatal insomnia 
symptoms 
CB-PTSD symptoms 0.0559 0.0167 1604 3.3376 <
0.001 
- (*) 0.0068 1.1381 
Note. CB-PTSD = Childbirth-related PTSD, VIF = Variance Inflation Factor. 
a Cohen’s (1988) f2 indices were used to measure effect sizes, except for predictors of CB-PTSD (marked with an asterisk). As CB-PTSD symptoms is a 
Tweedie-distributed zero-inflated variable, squared Robust Effect Size Indices, readable on a Cohen’s f2 scale (small effect: 0.02, medium effect: 0.15, strong effect: 
0.35), were computed (Vandekar et al., 2020). 
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concurrently. Finally, complementing subjective measures of insomnia 
symptoms with objective measurements, such as polysomnography and 
actigraphy (e.g., smart watches), would help to consolidate the present 
findings. 
5. Conclusion 
Prenatal insomnia symptoms predicted CB-PTSD through SBE and 
postnatal insomnia symptoms, thus representing a vulnerability factor 
that may disrupt both maternal response during a traumatic childbirth 
and postpartum recovery. As a result, they may be a relevant target for 
CB-PTSD primary prevention, although it should be noted that effect 
sizes in our model were all small or very small. Finally, given that 
postnatal insomnia symptoms mediated the prospective relationship 
between prenatal insomnia and CB-PTSD symptoms, they should be 
more systematically included in future studies. 
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bution of Y. Noël for the statistics. M. Eberhard-Gran designed and co-
ordinated the original cohort study. All authors approved the final 
manuscript as submitted, and agreed to be accountable for all aspects of 
the work. A. Horsch is the PhD supervisor of C. Deforges. 
Role of the funding source 
The original ABC study was supported by the Norwegian Research 
Council (MEG, project number 191098). This study was supported by a 
project grant from the Swiss National Science Foundation (AH, grant 
number 32003B_172982/1). Susan Garthus-Niegel and Antje Horsch are 
management committee members of COST action CA18211. 
Declaration of Competing Interest 
The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 
Acknowledgements 
The authors would like to thank the staff at the maternity ward at 
Akershus University Hospital for the original data collection for the ABC 
study. They are also grateful to all the participating women. 
Supplementary materials 
Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.jad.2021.08.024. 
References 
Acheson, D.T., Kwan, B., Maihofer, A.X., Risbrough, V.B., Nievergelt, C.M., Clark, J.W., 
Tu, X.M., Irwin, M.R., Baker, D.G., 2019. Sleep disturbance at pre-deployment is a 
significant predictor of post-deployment re-experiencing symptoms. Eur. J. 
Psychotraumatol. 10, 1679964. 
Adler, I., Weidner, K., Eberhard-Gran, M., Garthus-Niegel, S., 2021. The Impact of 
Maternal Symptoms of Perinatal Insomnia on Social-emotional Child Development: a 
Population-based, 2-year Follow-up Study. Behav. Sleep Med. 19, 303–317. 
American Psychiatric Association, 2000. Diagnostic and Statistical Manual of Mental 
Disorders. American Psychiatric Press, Washington DC.  
American Psychiatric Association, 2013. Diagnostic and Statistical Manual of Mental 
Disorders, 5th ed. American Psychiatric Publishing, Arlington, VA.  
Andersen, L.B., Melvaer, L.B., Videbech, P., Lamont, R.F., Joergensen, J.S., 2012. Risk 
factors for developing post-traumatic stress disorder following childbirth: a 
systematic review. Acta Obstet. Gynecol. Scand. 91, 1261–1272. 
Fig. 2. Final model describing prospective associations between prenatal insomnia symptoms and CB-PTSD (derived from piecewise SEM analyses). 
Note. CB-PTSD = Childbirth-related PTSD. Subjective birth experience is negatively orientated (higher scores reflect negative birth experience). Only the statistically 
significant pathways are shown. For all predictors of CB-PTSD symptoms, for which a log link function was used in the Tweedie model, only the unstandardised 
coefficients (marked with an asterisk (*)) are reported. 
C. Deforges et al.                                                                                                                                                                                                                                
Journal of Affective Disorders 295 (2021) 305–315
314
Ayers, S., Bond, R., Bertullies, S., Wijma, K., 2016. The aetiology of post-traumatic stress 
following childbirth: a meta-analysis and theoretical framework. Psychol. Med. 46, 
1121–1134. 
Azza, Y., Wilhelm, I., Kleim, B., 2020. Sleep Early After Trauma: a target for prevention 
and early intervention for posttraumatic stress disorder? Eur. Psychol. 25, 239–251. 
Bei, B., Seeman, T.E., Carroll, J.E., Wiley, J.F., 2017. Sleep and Physiological 
Dysregulation: a Closer Look at Sleep Intraindividual Variability. Sleep 40. 
Bergink, V., Kooistra, L., Lambregtse-van den Berg, M.P., Wijnen, H., Bunevicius, R., van 
Baar, A., Pop, V., 2011. Validation of the Edinburgh Depression Scale during 
pregnancy. J. Psychosom. Res. 70, 385–389. 
Bianchi, M.T., Williams, K.L., McKinney, S., Ellenbogen, J.M., 2013. The subjective- 
objective mismatch in sleep perception among those with insomnia and sleep apnea. 
J. Sleep Res. 22, 557–568. 
Biggs, Q.M., Ursano, R.J., Wang, J., Wynn, G.H., Carr, R.B., Fullerton, C.S., 2020. Post 
traumatic stress symptom variation associated with sleep characteristics. BMC 
Psychiatry 20, 174. 
Brewin, C.R., Andrews, B., Valentine, J.D., 2000. Meta-analysis of risk factors for 
posttraumatic stress disorder in trauma-exposed adults. J. Consult. Clin. Psychol. 68, 
748–766. 
Brock, M.S., Powell, T.A., Creamer, J.L., Moore, B.A., Mysliwiec, V., 2019. Trauma 
associated sleep disorder: clinical developments 5 years after discovery. Curr. 
Psychiatry Rep. 21, 80. 
Bryant, R.A., Creamer, M., O’Donnell, M., Silove, D., McFarlane, A.C., 2010. Sleep 
disturbance immediately prior to trauma predicts subsequent psychiatric disorder. 
Sleep 33, 69–74. 
Bunevicius, A., Kusminskas, L., Pop, V.J., Pedersen, C.A., Bunevicius, R., 2009. Screening 
for antenatal depression with the Edinburgh Depression Scale. J. Psychosom. Obstet. 
Gynaecol. 30, 238–243. 
Cohen, J., 1988. Statistical Power Analysis For the Behavioral Sciences. Routledge 
Academic, New York, NY.  
Colvonen, P.J., Straus, L.D., Acheson, D., Gehrman, P., 2019. A review of the relationship 
between emotional learning and memory, sleep, and PTSD. Curr. Psychiatry Rep. 21. 
Cousins, J.N., Fernández, G., 2019. The impact of sleep deprivation on declarative 
memory. In: Van Dongen, H.P.A., Whitney, P., Hinson, J.M., Honn, K.A., Chee, M.W. 
L. (Eds.), Progress in Brain Research. Elsevier, pp. 27–53. 
Cox, J.L., Holden, J.M., Sagovsky, R., 1987. Detection of postnatal depression. 
Development of the 10-item Edinburgh Postnatal Depression Scale. Br. J. Psychiatry 
150, 782–786. 
Cox, R.C., McIntyre, W.A., Olatunji, B.O., 2018. Interactive effects of insomnia symptoms 
and trauma exposure on PTSD: examination of symptom specificity. Psychol. Trauma 
10, 508–514. 
Cox, R.C., Olatunji, B.O., 2016. A systematic review of sleep disturbance in anxiety and 
related disorders. J. Anxiety Disord. 37, 104–129. 
Cox, R.C., Tuck, B.M., Olatunji, B.O., 2017. Sleep Disturbance in posttraumatic stress 
disorder: epiphenomenon or causal factor? Curr. Psychiatry Rep. 19, 22. 
Derogatis, L.R., Lipman, R.S., Rickels, K., Uhlenhuth, E.H., Covi, L., 1974. The Hopkins 
Symptom Checklist (HSCL): a self-report symptom inventory. Behav. Sci. 19, 1–15. 
Dorheim, S.K., Bjorvatn, B., Eberhard-Gran, M., 2012. Insomnia and depressive 
symptoms in late pregnancy: a population-based study. Behav. Sleep Med. 10, 
152–166. 
Dorheim, S.K., Bjorvatn, B., Eberhard-Gran, M., 2014. Can insomnia in pregnancy predict 
postpartum depression? a longitudinal, population-based study. PLoS ONE 9, 
e94674. 
Emamian, F., Khazaie, H., Okun, M.L., Tahmasian, M., Sepehry, A.A., 2019. Link 
between insomnia and perinatal depressive symptoms: a meta-analysis. J. Sleep Res. 
28, e12858. 
Freeman, D., Sheaves, B., Waite, F., Harvey, A.G., Harrison, P.J., 2020. Sleep disturbance 
and psychiatric disorders. Lancet Psychiatry 7, 628–637. 
Gamble, J., Creedy, D., 2005. Psychological trauma symptoms of operative birth. Br. J. 
Midwifery 13, 218–224. 
Garthus-Niegel, S., Ayers, S., Martini, J., von Soest, T., Eberhard-Gran, M., 2017. The 
impact of postpartum post-traumatic stress disorder symptoms on child 
development: a population-based, 2-year follow-up study. Psychol. Med. 47, 
161–170. 
Garthus-Niegel, S., Ayers, S., von Soest, T., Torgersen, L., Eberhard-Gran, M., 2015. 
Maintaining factors of posttraumatic stress symptoms following childbirth: a 
population-based, two-year follow-up study. J. Affect. Disord. 172, 146–152. 
Garthus-Niegel, S., Horsch, A., Bickle Graz, M., Martini, J., von Soest, T., Weidner, K., 
Eberhard-Gran, M., 2018a. The prospective relationship between postpartum PTSD 
and child sleep: a 2-year follow-up study. J. Affect. Disord. 241, 71–79. 
Garthus-Niegel, S., Horsch, A., Handtke, E., von Soest, T., Ayers, S., Weidner, K., 
Eberhard-Gran, M., 2018b. The impact of postpartum posttraumatic stress and 
depression symptoms on couples’ relationship satisfaction: a population-based 
prospective study. Front. Psychol. 9, 1728. 
Garthus-Niegel, S., Knoph, C., von Soest, T., Nielsen, C.S., Eberhard-Gran, M., 2014. The 
role of labor pain and overall birth experience in the development of posttraumatic 
stress symptoms: a longitudinal cohort study. Birth 41, 108–115. 
Garthus-Niegel, S., von Soest, T., Vollrath, M.E., Eberhard-Gran, M., 2013. The impact of 
subjective birth experiences on post-traumatic stress symptoms: a longitudinal study. 
Arch. Womens Ment. Health 16, 1–10. 
Gehrman, P., Seelig, A.D., Jacobson, I.G., Boyko, E.J., Hooper, T.I., Gackstetter, G.D., 
Ulmer, C.S., Smith, T.C., Team, M.C.S., 2013. Predeployment Sleep Duration and 
Insomnia Symptoms as Risk Factors for New-Onset Mental Health Disorders 
Following Military Deployment. Sleep 36, 1009–1018. 
Grekin, R., O’Hara, M.W., Brock, R.L., 2021. A model of risk for perinatal posttraumatic 
stress symptoms. Arch. Womens Ment. Health 24, 259–270. 
Hambleton, R.K., Swaminathan, H., Rogers, H.J., 1991. Fundamentals of Item Response 
Theory. Sage Publications, Inc, Thousand Oaks, CA, US.  
Ho, F.Y., Chan, C.S., Tang, K.N., 2016. Cognitive-behavioral therapy for sleep 
disturbances in treating posttraumatic stress disorder symptoms: a meta-analysis of 
randomized controlled trials. Clin. Psychol. Rev. 43, 90–102. 
Horowitz, M., Wilner, N., Alvarez, W., 1979. Impact of Event Scale: a measure of 
subjective stress. Psychosom. Med. 41, 209–218. 
Howlett, J.R., Stein, M.B., 2016. Prevention of trauma and stressor-related disorders: a 
review. Neuropsychopharmacology 41, 357–369. 
Jorgensen, B., 1987. Exponential dispersion models. J. R. Stat. Soc. B Met. 49, 127–162. 
Kartal, D., Arjmand, H.-.A., Varker, T., Cowlishaw, S., O’Donnell, M., Phelps, A., Howard, 
A., Hopwood, M., McFarlane, A., Bryant, R.A., Forbes, D., Cooper, J., Hinton, M., 
2021. Cross-lagged relationships between insomnia and posttraumatic stress 
disorder in treatment-receiving veterans. behavior therapy. 
Kleppang, A.L., Hagquist, C., 2016. The psychometric properties of the Hopkins 
Symptom Checklist-10: a Rasch analysis based on adolescent data from Norway. 
Fam. Pract. 33, 740–745. 
Kobayashi, I., Boarts, J.M., Delahanty, D.L., 2007. Polysomnographically measured sleep 
abnormalities in PTSD: a meta-analytic review. Psychophysiology 44, 660–669. 
Kobayashi, I., Delahanty, D.L., 2013. Gender differences in subjective sleep after trauma 
and the development of posttraumatic stress disorder symptoms: a pilot study. 
J. Trauma Stress 26, 467–474. 
Koenen, K.C., Ratanatharathorn, A., Ng, L., McLaughlin, K.A., Bromet, E.J., Stein, D.J., 
Karam, E.G., Meron Ruscio, A., Benjet, C., Scott, K., Atwoli, L., Petukhova, M., 
Lim, C.C.W., Aguilar-Gaxiola, S., Al-Hamzawi, A., Alonso, J., Bunting, B., 
CiuVtan, M., de Girolamo, G., Degenhardt, L., Gureje, O., Haro, J.M., Huang, Y., 
Kawakami, N., Lee, S., Navarro-Mateu, F., Pennell, B.E., Piazza, M., Sampson, N., 
Ten Have, M., Torres, Y., Viana, M.C., Williams, D., Xavier, M., Kessler, R.C., 2017. 
Posttraumatic stress disorder in the World Mental Health Surveys. Psychol. Med. 47, 
2260–2274. 
Krause, A.J., Simon, E.B., Mander, B.A., Greer, S.M., Saletin, J.M., Goldstein-Piekarski, A. 
N., Walker, M.P., 2017. The sleep-deprived human brain. Nat. Rev. Neurosci. 18, 
404–418. 
Lefcheck, J.S., 2016. piecewiseSEM: piecewise structural equation modelling in r for 
ecology, evolution, and systematics. Methods Ecol. Evol. 7, 573–579. 
Medic, G., Wille, M., Hemels, M.E., 2017. Short- and long-term health consequences of 
sleep disruption. Nat. Sci. Sleep 9, 151–161. 
Monk, C., Lugo-Candelas, C., Trumpff, C., 2019. Prenatal developmental origins of future 
psychopathology: mechanisms and pathways. Annu. Rev. Clin. Psychol. 15, 
317–344. 
Neal, L.A., Busuttil, W., Rollins, J., Herepath, R., Strike, P., Turnbull, G., 1994. 
Convergent validity of measures of post-traumatic stress disorder in a mixed military 
and civilian population. J. Trauma Stress 7, 447–455. 
Neylan, T.C., Kessler, R.C., Ressler, K.J., Clifford, G., Beaudoin, F.L., An, X., Stevens, J.S., 
Zeng, D., Linnstaedt, S.D., Germine, L.T., Sheikh, S., Storrow, A.B., Punches, B.E., 
Mohiuddin, K., Gentile, N.T., McGrath, M.E., van Rooij, S.J.H., Haran, J.P., Peak, D. 
A., Domeier, R.M., Pearson, C., Sanchez, L.D., Rathlev, N.K., Peacock, W.F., Bruce, S. 
E., Joormann, J., Barch, D.M., Pizzagalli, D.A., Sheridan, J.F., Harte, S.E., Elliott, J. 
M., Hwang, I., Petukhova, M.V., Sampson, N.A., Koenen, K.C., McLean, S.A., 2021. 
Prior sleep problems and adverse post-traumatic neuropsychiatric sequelae of motor 
vehicle collision in the AURORA study. Sleep 44. 
Olde, E., Kleber, R.J., van der Hart, O., Pop, V.J.M., 2006. Childbirth and posttraumatic 
stress responses - A validation study of the Dutch Impact of Event Scale - Revised. 
Eur. J. Psychol. Assess. 22, 259–267. 
Osnes, R.S., Eberhard-Gran, M., Follestad, T., Kallestad, H., Morken, G., Roaldset, J.O., 
2020. Mid-pregnancy insomnia is associated with concurrent and postpartum 
maternal anxiety and obsessive-compulsive symptoms: a prospective cohort study. 
J. Affect. Disord. 266, 319–326. 
Palagini, L., Gemignani, A., Banti, S., Manconi, M., Mauri, M., Riemann, D., 2014. 
Chronic sleep loss during pregnancy as a determinant of stress: impact on pregnancy 
outcome. Sleep Med. 15, 853–859. 
Pallesen, S., Bjorvatn, B., Nordhus, I.H., Sivertsen, B., Hjornevik, M., Morin, C.M., 2008. 
A new scale for measuring insomnia: the Bergen Insomnia Scale. Percept. Mot. Skills 
107, 691–706. 
Core Team, R., 2021. R: A language and Environment For Statistical Computing. R 
Foundation for Statistical Computing, Vienna, Austria.  
Richards, A., Kanady, J.C., Neylan, T.C., 2020. Sleep disturbance in PTSD and other 
anxiety-related disorders: an updated review of clinical features, physiological 
characteristics, and psychological and neurobiological mechanisms. 
Neuropsychopharmacology 45, 55–73. 
Sedov, I.D., Anderson, N.J., Dhillon, A.K., Tomfohr-Madsen, L.M., 2021. Insomnia 
symptoms during pregnancy: a meta-analysis. J. Sleep Res. 30, e13207. 
Sedov, I.D., Goodman, S.H., Tomfohr-Madsen, L.M., 2017. Insomnia Treatment 
Preferences During Pregnancy. J. Obstet. Gynecol. Neonatal Nurs. 46, e95–e104. 
Sedov, I.D., Tomfohr-Madsen, L.M., 2021. Trajectories of Insomnia Symptoms and 
Associations with Mood and Anxiety from Early Pregnancy to the Postpartum. 
Behav. Sleep Med. 19, 395–406. 
Seo, J., Pace-Schott, E.F., Milad, M.R., Song, H., Germain, A., 2021. Partial and total 
sleep deprivation interferes with neural correlates of consolidation of fear extinction 
memory. Biol. Psychiatry Cogn. Neurosci. Neuroimaging 6, 299–309. 
Sheehan, D.V., Lecrubier, Y., Sheehan, K.H., Amorim, P., Janavs, J., Weiller, E., 
Hergueta, T., Baker, R., Dunbar, G.C., 1998. The Mini-International 
Neuropsychiatric Interview (M.I.N.I.): the development and validation of a 
structured diagnostic psychiatric interview for DSM-IV and ICD-10. J. Clin. 
Psychiatry 59 (Suppl 20), 22–33 quiz 34-57.  
C. Deforges et al.                                                                                                                                                                                                                                
Journal of Affective Disorders 295 (2021) 305–315
315
Shipley, B., 2000. A new inferential test for path models based on directed acyclic 
graphs. Struct. Equ. Modeling 7, 206–218. 
Shipley, B., 2013. The AIC model selection method applied to path analytic models 
compared using a D-separation test. Ecology 94, 560–564. 
Short, N.A., Boffa, J.W., Wissemann, K., Schmidt, N.B., 2020. Insomnia symptoms predict 
the development of post-traumatic stress symptoms following an experimental 
trauma. J. Sleep Res. 29, e12909. 
Sivertsen, B., Hysing, M., Dorheim, S.K., Eberhard-Gran, M., 2015. Trajectories of 
maternal sleep problems before and after childbirth: a longitudinal population-based 
study. BMC Pregn. Childbirth 15, 129. 
Sopp, M.R., Friesen, E., Schafer, S.K., Brueckner, A.H., Wirth, B.E., Weber, J., Lass- 
Hennemann, J., Michael, T., 2021. Wakefulness impairs selective consolidation of 
relevant trauma-associated memories resulting in more frequent intrusions. Behav. 
Res. Ther. 136, 103776. 
Stefanovics, E.A., Potenza, M.N., Pietrzak, R.H., 2020. PTSD and obesity in U.S. military 
veterans: prevalence, health burden, and suicidality. Psychiatry Res. 291, 113242. 
Storksen, H.T., Garthus-Niegel, S., Vangen, S., Eberhard-Gran, M., 2013. The impact of 
previous birth experiences on maternal fear of childbirth. Acta Obstet. Gynecol. 
Scand. 92, 318–324. 
Suh, S., Cho, N., Zhang, J., 2018. Sex differences in insomnia: from epidemiology and 
etiology to intervention. Curr. Psychiatry Rep. 20, 69. 
Swanson, L.M., Kalmbach, D.A., Raglan, G.B., O’Brien, L.M., 2020. Perinatal insomnia 
and mental health: a review of recent literature. Curr. Psychiatry Rep. 22, 73. 
Tempesta, D., Socci, V., De Gennaro, L., Ferrara, M., 2018. Sleep and emotional 
processing. Sleep Med. Rev. 40, 183–195. 
Trauer, J.M., Qian, M.Y., Doyle, J.S., Rajaratnam, S.M., Cunnington, D., 2015. Cognitive 
behavioral therapy for chronic insomnia: a systematic review and meta-analysis. 
Ann. Intern. Med. 163, 191–204. 
Ullman, J.B., Bentler, P.M., 2003. Structural Equation Modeling. Handb. Psychol. 
607–634. 
van Liempt, S., van Zuiden, M., Westenberg, H., Super, A., Vermetten, E., 2013. Impact of 
impaired sleep on the development of PTSD symptoms in combat veterans: a 
prospective longitudinal cohort study. Depress. Anxiety 30, 469–474. 
van Marle, H., 2015. PTSD as a memory disorder. Eur. J. Psychotraumatol. 6, 27633. 
Vandekar, S., Tao, R., Blume, J., 2020. A robust effect size index. Psychometrika 85, 
232–246. 
Wang, H.E., Campbell-Sills, L., Kessler, R.C., Sun, X., Heeringa, S.G., Nock, M.K., 
Ursano, R.J., Jain, S., Stein, M.B., 2019. Pre-deployment insomnia is associated with 
post-deployment post-traumatic stress disorder and suicidal ideation in US Army 
soldiers. Sleep 42. 
Weiss, D.S., Marmar, C.R., 1997. The Impact of Event Scale—Revised. In: Wilson, J.P., 
Keane, T.M. (Eds.), Assessing psychological trauma and PTSD. Guilford, New York, 
pp. 399–411. 
Wijma, K., Wijma, B., Zar, M., 1998. Psychometric aspects of the W-DEQ; a new 
questionnaire for the measurement of fear of childbirth. J. Psychosom. Obstet. 
Gynaecol. 19, 84–97. 
Wright, K.M., Britt, T.W., Bliese, P.D., Adler, A.B., Picchioni, D., Moore, D., 2011. 
Insomnia as predictor versus outcome of PTSD and depression among Iraq combat 
veterans. J. Clin. Psychol. 67, 1240–1258. 
Yildiz, P.D., Ayers, S., Phillips, L., 2017. The prevalence of posttraumatic stress disorder 
in pregnancy and after birth: a systematic review and meta-analysis. J. Affect. 
Disord. 208, 634–645. 
Zeng, S., Lau, E.Y.Y., Li, S.X., Hu, X., 2020. Sleep differentially impacts involuntary 
intrusions and voluntary recognitions of lab-analogue traumatic memories. J. Sleep 
Res. n/a, e13208. 
Zhang, B., Wing, Y.K., 2006. Sex differences in insomnia: a meta-analysis. Sleep 29, 
85–93. 
C. Deforges et al.                                                                                                                                                                                                                                
